the opposite effect of each marker according to the presence of the other.
Interestingly, our results suggest that the concomitant presence of both DRD2 and DRD4 risk alleles may confer a protective effect. Considering that the presence of 7R implies a less efficient heteromerization process, 1 it is possible that the presence of both DRD4 2R and/or 4R alleles, fully heteromerizing with the overexpressed D 2L and therefore further activating it, might confer a higher risk than the presence of at least one 7R allele.
It should be noted that no principal or interaction effect of these markers on ADHD itself was observed in this sample. This effect on alcohol dependence is consistent with the impaired control of glutamatergic neurotransmission entailed by dysfunctional heteromization, 2 as this pathway is a key factor in alcohol dependence, modulating both euphoric and dysphoric effects of alcohol consumption. 9 The findings of Gonzalez et al. 2 and Borroto-Escuela et al.
1 may represent a turn point in the study of these dopamine receptors and gene--gene interactions as a whole. We add to this new perspective by showing a clinically relevant effect of an interaction between DRD4 7R and DRD2 T alleles. Literally, hundreds of studies have addressed the association of DRD2 in alcoholism, and several with DRD4, with conflicting results. Therefore, our findings should also be further validated in larger samples. This may be a time for reappraisal of all these findings. In this journal, Bachner-Melman et al. 1 reported that the 48-bp variable number of tandem repeat in the third exon of the dopamine D4 receptor (DRD4 VNTR) is associated with self-reported altruism. Despite mounting evidence for a role of dopamine in prosocial behavior, 2--4 this result has not been replicated yet, perhaps because of the rare usage of the applied Selflessness Scale. Here, we report a conceptual replication of the association between DRD4 VNTR and altruism measured with the well-established Revised NEO Personality Inventory (NEO-PI-R; see Strobel et al.
2
). Social decision making is impaired in various neuropsychiatric disorders. 5 The increasing interest in its neurobiological underpinnings has implicated dopaminoceptive brain regions (dorsal and ventral striatum, prefrontal and cingulate cortex) in prosocial decisions.
2 Furthermore, dopaminergic function is supposed to mediate the well-studied influence of oxytocin and arginine vasopressin on social behavior by functional interactions in the limbic reward circuit. 5, 6 Among the dopaminergic genes, DRD4 and the gene encoding the dopamine downgrading catechol-O-methyltransferase (COMT) are prevalent in limbocortical regions 2,3 implicated in altruism. 2 Associations of DRD4 VNTR were observed with Selflessness Scores 1 and laboratory altruistic decisions. 3 For COMT, associations of the Val158Met variant (rs4680) with neural activation during altruistic decisions 2 and the amount of charitable donations were reported. 4 Nonetheless, the behavioral and imaging studies did not address a modulation of trait altruism, perhaps because of the smaller sample sizes compared with Bachner-Melman et al. 1 Thus, the aim of this study was to test for associations of DRD4 VNTR and COMT Val158Met with altruism self-reports. Instead of the Selflessness Scale, 1 we employed the widely used inventory NEO-PI-R in order to facilitate further replications. The NEO-PI-R measures five personality dimensions including Agreeableness with Altruism as a lower-level trait that conceptually highly overlaps with the Selflessness Scale and that covaries with laboratory altruistic decisions. 2 A total of 785 (246 males) nonrelated healthy volunteers of middle-European decent with a mean age of 23.1 ± 4.5 years completed the German NEO-PI-R version in our lab. The sample included 529 (121 males) students with a mean age of 21.7 ± 3.5 years (subsample 1) and 256 (125 males) local residents with a mean age of 25.9 ± 4.9 years (subsample 2). The polymorphisms were genotyped as previously described.
2,7 Genotype frequencies did not deviate from Hardy--Weinberg equilibrium (DRD4 VNTR: w Analyses of variance (ANOVAs) with gender as a covariate due to higher altruism scores in females (Po0.001; age nonsignificant) revealed significant higher altruism scores in subjects lacking the 7-repeat variant of DRD4 (7RÀ) versus 7-repeat carriers (7R þ ) in the total sample (F 1,784 ¼ 14.256, P ¼ 0.0002, Z 2 ¼ 0.018) and both subsamples (see Table 1 ). Contrasting the most frequent genotypes, subjects homozygous for the 4-repeat variant (4/4) tended to score higher than 4/7 carriers, with statistical significance in the total sample (F 1,555 ¼ 7.329, P ¼ 0.007, Z 2 ¼ 0.013) and the student subsample (see Table 1 ). Neither an interaction with COMT Val158Met nor a main effect of COMT Val158Met was revealed (data not shown).
Taken together, we found no evidence for a contribution of COMT Val158Met to self-reported altruism, but could conceptually replicate higher altruism in the absence of the DRD4 7R allele. This is consistent with a positive link of DRD4 7R to impulsive, antisocial behavior as evident in attention-deficit hyperactivity disorder, whereas respective results are less consistent for COMT Val158 Met. 8 Putative underlying DRD4-specific mechanisms may be derived from the 7R-related diminished suppression of the second messenger cyclic adenosine monophosphate (cAMP), 7 given that cAMP reduction in ventral striatum has shown to facilitate social reward-related learning 6 but to decrease impulsivityrelated reward responding. 9 Thus, the 7R-related blunted cAMP reduction may suggest both beneficial and detrimental effects on impulsivity-related and social reward responsiveness, respectively, potentially leading to lower prosocial tendencies. In this line of evidence, 7R carriers were shown to exhibit enhanced ventrostriatal reactivity associated with trait impulsivity, whereas, interestingly, COMT Val158Met showed no similar effect. 10 COMT, primarily active in prefrontal cortex, may be more likely to contribute to social decision making depending notably on prefrontal areas. 2 However, ventrostriatal reactivity in social contexts may be further modulated by DRD4 activity as it is expressed on oxytocin neurons affecting mesolimbic dopamine neurons. 5 Overall, future research should investigate endophenotypes disentangling ventrostriatal and prefrontal involvement and interactions with oxytocin, vasopressin and cAMP-related transduction gene variants to further elucidate the role of dopamine in altruism. 
